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REFINED PLANT ISOLATES AND PROCESS
FOR THE MANUFACTURE OF A
FUNCTIONAL FOOD INGREDIENT FROM
SUCH PLANT ISOLATE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Divisional Application of U.S. patent
application Ser. No. 13/989,459, filed on Jun. 24, 2013,
which 1s a National Phase entry of International Patent
Application Serial No. PCT/EP11/69836, filed on Nov. 10,
2011, claiming priority to European Application Serial No.
10193126, filed on Nov. 30, 2010, the entire contents of

which are hereby incorporated by reference in their entirety.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to the 1solation of functional
food ingredients from plant materials that are rich 1n gluta-
mate and potassium, such as tomatoes, potatoes, peas, corn,
beets, carrots, onions, spinach, green peppers etc. More
particularly, the present invention 1s concerned with provid-
ing refined plant 1solates that can advantageously be used as
starting materials for the production of functional food
ingredients, such as taste enhancers, through an 1solation
process that employs 1on exclusion chromatography. The
invention further provides a process for the manufacture of
tfunctional food ingredients from the aforementioned refined
plant 1solates.

BACKGROUND OF THE INVENTION

Plant materials are an economic source ol a number
widely utilized functional food ngredients, notably biopo-
lymers. Thus, 1t 1s well-known 1n the art to 1solate functional
food 1ngredients such as starch, inulin, pectin and proteins,
from plant materials.

In addition, there 1s an increasing interest for plant-
derived functional food ingredients that can be used as
natural or ‘Iriendly label’ alternatives for existing ingredi-
ents that consumers perceive as less desirable. These tunc-
tional ingredients include plant-derived tlavour components,
taste enhancers, salt replacers, anti-oxidants, emulsifiers and

colourings.
WO 2004/041003 discloses an edible flavor improver

comprising an essentially non-volatile mixture containing
non-sucrose components of sugar beet extract, said mixture
being eflecive 1n  enhancing the  organoleptic
characteristic(s) of ingestible products and being obtainable
by {fractionation of said sugar beet extract. Example 3
describes a fraction that 1s obtained from beet molasse. The
main cations of the sample were Na and K (about 100 g/kg
of liquid of each). The sample contained about 5.5%
rafinose, about 1.7% sucrose, and less than 0.1% of each of
glucose, fructose, mositol and betaine. The sample con-
tained 12.3% lactic acid, 6.1% L-2-pyrrolidone-5-carbox-
ylic acid (PCA), 2.8% acetic acid, 1.9% formic acid and
1.0% citric acid, 0.23 aspartic acid, 0.2% glutamic acid and
minor amounts of neutral amino acids. These percentages
are calculated on the total dry substance in the fraction.

In order to produce plant-derived functional food ingre-
dients 1n high yield and/or high purnty, it 1s often necessary
to make use of sophisticated separation techniques, such as
chromatographic techniques.
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WO 2009/080763, for instance, describes a method for
preparing an umami active Iraction from concentrated
tomato serum (12.5° Brix) comprising the following steps:

subjecting the concentrated tomato serum to ultrafiltration

to vield a permeate that 1s substantially free from
lycopene;

concentrating the permeate to 40° Brix strength;

fractionating the concentrated permeate using 10n exclu-

sion chromatography;

collecting a fraction of the eluate (0.43-0.66 bed volume)

that 1s enriched 1n glutamic acid;

concentrating the eluate fraction to 20° Brix;

fractionating concentrated eluate fraction using 1on exclu-

sion chromatography and using the same conditions as
in the first fractionation step.

collecting a fraction of the eluate (0.43-0.66 bed volume)

that 1s further enriched 1n glutamic acid.

WO 2010/069743 describes a similar method for prepar-
ing an umami enhancing composition from concentrated
tomato serum. WO 2009/080768 describes a similar method
for preparing a natural sweetening agent from concentrated
tomato serum, also using 1on exclusion chromatography.

A drawback of the use of 1on exclusion chromatography
in the aforementioned methods resides in the fact that the
separation efliciency of the 1on exclusion resins was found
to decline rather rapidly over time, making it necessary to
regenerate the column material after short intervals.

SUMMARY OF THE INVENTION

The mnventors have unexpectedly discovered that the
separation efliciency of the ion exclusion materials used 1n
the aforementioned methods can be maintained for a much
longer period of time if prior to subjecting a plant derived
material to 10n exclusion chromatography, the multivalent
metal cation content of said material 1s reduced substantially.
Although the mventors do not wish to be bound by theory,
it is believed that the divalent cations Ca®* and Mg>* can
reduce the number of available charges of the 10n exclusion
resin by forming stable bridges between adjacent negatively
charged resin groups, thereby impairing the 1on exclusion
ability of the resin bed. As the adsorption of these divalent
cations by the resin progresses, chromatographic resolution
of charged and neutral compounds will increasingly dete-

riorate. Also the separation of charged compounds may be

adversely affected by the adsorption of Ca®* and Mg”* onto
ion exclusion resin.

It 1s known 1n the art from GB 1 411 455 that alkaline
carth 1ons contained 1n refiner’s syrup adversely eflect the
extraction of sugar from molasses by an 1on exclusion
method, and further that this adverse effect can be mini-
mized by removing these disturbing alkaline earth 1ons by
precipitation with suitable salts or by base exchange on a
cation exchange resin. Molasses contain unusually high
concentration of Ca®* and Mg~". The examples of GB 1 411
455 show that the cation exchange resin used in the 1on
exchange step can suitably be regenerated using a waste
water fraction generated by the i1on exclusion step that
contained K and Na as well as appreciable levels of Ca and
Mg.

Although a person skilled in the art may recognmize that the
presence of appreciable levels of alkaline earth metals 1n a
feed may adversely eflect the separation efliciency of 1on
exclusion chromatography, 1t 1s surprising that alkaline earth
metals can negatively aflect the separation efliciency of 10n
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exclusions chromatography if these alkaline earth metals are
present 1n low concentrations and 1f the feed contains high

levels of K™.

Thus, one aspect of the present invention relates to a
refined plant 1solate that contains appreciable levels of
glutamate and potassium and that can suitably be used as a
starting material for an 1solation process that employs 1on
exclusion chromatography, said 1solate being characterized
in that the amount of Ca®* and Mg~* contained therein has
been reduced substantially. More particularly, this aspect of
the invention concerns a refined plant 1solate comprising at
least 30% by weight of dry matter of water soluble plant
components, said i1solate further being characterized in that
at a concentration of 40° Brix the 1solate:

contains at least 0.3 wt % of glutamate;

contains at least 500 ppm of K™;

contains less than 300 ppm of Ca**;

contains less than 700 ppm of Mg”*;

contains less than 1 wt. % of components capable of

passing an ultra filtration membrane having a molecular
weight cut off of 250 kDa;
wherein the concentration ratio ([Ca**]+[Mg>*1)/[K*] does
not exceed 5:100, each of said cation concentrations being,
expressed 1n ppm.

Another aspect of the present invention relates to a
process of preparing a functional food ingredient, said
process comprising:

providing a refined plant 1solate as defined above;

subjecting the refined plant 1solate, optionally after con-

centrating or diluting said refined plant 1solate, to 10n
exclusion chromatography; and

collecting at least a part of the eluate of said 10n exclusion

chromatography as the functional food 1ingredient or an
intermediate for the production of a functional food
ingredient.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

One aspect of the present invention relates to refined plant
1solate comprising at least 30% by weight of dry matter,
preferably at least 50% by weight of dry matter, and most
preferably at least 60% by weight of dry matter of water
soluble plant components selected from fructose, glucose,
proteinaceous matter of plant origin, acids and potassium,
said 1solate further being characterized 1n that at a concen-
tration of 40° Brix the 1solate:

contains at least 0.3 wt % of glutamate;

contains at least 500 ppm of K™;

contains less than 300 ppm of Ca®*; preferably less than

100 of Ca*';
contains less than 700 ppm of Mg>*; preferably less than
300 ppm of Mg~™:
contains less than 1 wt. % of components capable of
passing an ultra filtration membrane having a molecular
weight cut off of 250 kDa;
wherein the concentration ratio ([Ca**]+[Mg>*1)/[K*] does
not exceed 5:100, each of said cation concentrations being
expressed 1 ppm.

The terms “comprising” and “containing” whenever used
in this document are intended to indicate the presence of
stated features, integers, steps, components, but not to
preclude the presence or addition of one or more other
features, 1ntegers, steps, components or groups thereof.

The term “1on exclusion chromatography” as used herein
refers to a form of 10n exchange chromatography 1in which
the mobile 10ons 1n the resin-gel phase electrically neutralize
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the immobilized charged tunctional groups attached to the
resin, thus preventing penetration of solvent electrolyte nto
the resin-gel phase.

The term “proteinaceous matter” as used herein encom-
passes proteins, oligopeptides, free amino acids and com-
binations thereof.

The term “glutamate™ as used herein encompasses gluta-
mic acid, salts of glutamic acid and combinations thereof.

The term “citrate” as used herein encompasses citric acid,
salts of citric acid and combinations thereof.

The concentrations of components comprised 1n the pres-
ent refined plant 1solate are sometimes defined “at a con-
centration of 40° Brix”, meaning that said concentrations are
defined 1n relation to a refined plant 1solate of 40° Brix.
Thus, 1 a refined plant 1solate of 10° Brix contains 1.0 wt.
% of glutamate this equates to a concentration of 4.0 wt. %
of glutamate at 40° Brix.

The benefits of the present invention are particularly
pronounced in case the Ca** and Mg** concentrations in the
refined plant 1solate are reduced to very low levels. Advan-
tageously, at a concentration of 40° Brix, the refined 1solate
contains less than 300 ppm of Ca®*, more preferably less
than 200 ppm of Ca**, more preferably less than 50 ppm of
Ca”* and most preferably less than 20 ppm of Ca”*. Like-
wise, at a concentration of 40° Brix, the refined isolate
preferably contains less than 700 ppm of Mg**, more
preferably less than 300 ppm of Mg”', more preferably less
than 100 ppm of Mg*' and most preferably less than 40 ppm
of Mg™>".

In accordance with a particularly advantageous embodi-
ment of the present invention the refined plant isolate
contains a significant amount of potassium 10n. Accordingly,
at a concentration of 40° Brix the 1solate preferably contains
at least 800 ppm of K™ more preferably at least 1200 ppm of
K™, even more preferably at least 2000 ppm of K* and most
preferably at least 5000 ppm of K™.

Since potassium 1ons do not adversely aflect the separa-
tion efliciency of the 1on exclusion resins and since potas-
sium 1s a valuable micronutrient, it 1s preferred to minimize
the concentration of multivalent cations 1n the refined plant
1solate whilst at the same time maximizing the amount of
potassium 1ons contained therein. Thus, 1n accordance with
a particularly preferred embodiment of the invention, the
concentration ratio ([Ca®*]+[Mg>*1)/[K*] in the refined
plant 1solate does not exceed 3:100, each of said cation
concentrations being expressed 1 ppm (mg/kg). More pret-
crably the latter ratio does not exceed 2:100, even more
preferably it does not exceed 1:100 and most preferably 1t
does not exceed 0.3:100.

The refined plants 1solates according to the present inven-
tion advantageously contain a substantial amount of sugars,
notably glucose and fructose. Typically, at a concentration of
40° Brix the 1solate contains:

0.1-30 wt. %, more preferably most preferably 5-15 wt. %

of fructose; and/or

0.1-30 wt. %, more preferably, most preferably 5-15 wt.

% of glucose.

Most preferably, both fructose and glucose are contained
in the refined plant 1solate in the aforementioned concen-
trations.

At a concentration of 40° Brix the present 1solate typically
contains 0.1-30 wt. %, more preferably 0.5-20 wt. %, most
preferably 2-10 wt. % of protemnaceous matter of plant
origin.

A particularly advantageous embodiment of the present
invention relates to a refined plant 1solate containing sub-
stantial levels of glutamate. Preferably, at a concentration of
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40° Brix, the 1solate contains at least 0.2 wt. %, more
preferably at least 0.5 wt. % and most preferably at least 1
wt. % of glutamate. Typically, the glutamate concentration
ol the refined 1solate does not exceed 30 wt. %, especially
not 20 wt. %, more particularly 1t does not exceed 10 wt. %.

Citrate 1s another component that can be contained 1n the
refined plant isolate in appreciable levels. Typically, at a
concentration of 40° Brix, the 1solate contains at least 0.001
wt. %, more preferably at least 0.01 wt. % and most
preferably at least 0.1 wt. % of citrate. The citrate content of
the 1solate usually does not exceed 20 wt. %, especially not
10 wt. %.

Together, glutamate, citrate, glucose and fructose advan-
tageously represent at least 1%, more preferably at least 10%
and most preferably at least 20% by weight of the dry matter
contained 1n the refined plant 1solate. Typically, the latter
components together represent not more than 97% by weight
of the dry matter contained 1n the 1solate.

The refined plant 1solate of the present invention advan-
tageously contains glutamate and citrate in a weight ratio
(glutamate:citrate) that 1s within the range of 1:50 to 10,000:
1. More preferably, the latter ratio lies within the range of
1:20 to 1,000:1, most preferably within the range o1 1:10 to
500:1

The weight ratio glutamate:glucose of the present 1solate
preferably exceeds 1:100. More preferably said ratio
exceeds 1:50. Most preferably the glutamate:glucose weight
ratio exceeds 1:25 Typically, the weight ratio glutamate:
glucose 1s not more than 100:1, especially not more than
10:1.

The refined plant 1solates of the present invention can take
the form of e.g. liquids, pastes or powders. Preferably, the
isolate has a Brix strength of 2°-80°. More preferably, the
isolate has a Brix strength of 5°-70°, most preferably of
10°-60°.

The refined plant 1solate according to the present inven-
tion can suitably be produced from a variety of plant
materials including, for mstance, tomatoes, potatoes, peas,
corn, beets, carrots, onions, spinach, green peppers and
combinations thereol. Advantageously, the present 1solate 1s
produced from plant materials that are rich in glutamate.
Examples of glutamate-rich plants that can be used as source
matenals for the present 1solate include tomato, peas, corn,
beets, carrots, onions, potato, spinach and green peppers.
Preferably, the refined plant 1solate 1s derived from a plant
material selected from tomatoes, peas, corn, potato and
combinations thereof. Most preferably, the refined plant
isolate 1s a refined tomato 1solate.

Another aspect of the present invention relates to a
process of preparing a refined plant isolate as described
herein before, said process comprising:

providing an aqueous plant extract containing particles of

plant matenal;
removing from said plant extract more than 50 vol. % of
the particles having a particle size of at least 2 um to
produce a crude serum wherein not more than 40 vol.
% of the particles has a diameter larger than 2 um;

concentrating, 1f necessary, said crude serum to at least 2°
Brix, preferably at least 10° Brix;

removing Ca”' and Mg”' from the optionally concentrated

serum to produce a refined plant isolate.

Here the terminology “if necessary” 1s used to indicate
that the crude serum 1s to be concentrated 11 1t 1s below the
indicated Brix concentration (2° Brix or 10° Brix).

The concentration ratio ([Ca”*]+[Mg>*])/[K*] in the
refined plant 1solate obtained in the aforementioned process
preferably 1s at least 2 times, more preferably at least 3 times
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lower than the same concentration ratio in the optionally
concentrated plant extract, each of these cation concentra-
tions being expressed i ppm.

The aqueous plant extract that 1s used as starting material
in the present process can suitably be obtained from plant
materials by a variety of different techmiques that may
include, for instance, pressing, grinding, sieving and com-
binations of these processing techniques.

The plant extract that 1s employed 1n the present process

preferably 1s an aqueous plant extract having a dry matter
content o1 0.01-80 wt. %, more preferably of 1-70 wt. % and
most preferably of 2-60 wt. %.

The aqueous plant extract typically contains, by weight of
dry matter, at least 30%, more preferably at least 50% and
most preferably 80% of water soluble plant components
selected from {fructose, glucose, proteinaceous matter of
plant origin, acids and potassium.

The aqueous plant extract that 1s employed 1n the present
process can be obtained from a variety of plant materials,
such as vegetables, fruit, herbs and spices. Preferably, the
aqueous plant extract 1s obtaimned from vegetables and/or
fruit. Examples of vegetables and fruit that can suitably be
used as a source of the plant extract include tomato, potato,
pea, corn, beet, carrot, onion, spinach, green pepper and
combinations thereof. Preferably, the plant material that 1s
used as a source of the plant extract 1s selected from tomato,
pea, corn, potato and combinations thereof. Most preferably,
said plant maternial comprises tomato.

According to a particularly preferred embodiment, the
aqueous plant extract employed in the present process 1s a
tomato juice, especially a tomato juice that 1s obtained by a
process comprising:

crushing tomatoes; and

separating peel and seeds from the crushed tomatoes.

Here the term “tomato juice” also encompasses tomato
juice serum that 1s obtained as the supernatant 1f tomato juice
that 1s obtained after removal of peel and seeds 1s centri-
fuged.

In the present process, the particles may suitably be
removed from the aqueous plant extract by means of solid-
liquid separation techmques known 1n the art. Examples of
suitable separation techniques include filtration and centrifu-
gation; filtration being preferred.

Examples of filtration techniques that can be used to
remove particles from the aqueous plant extract include
crude filtration, microfiltration, ultrafiltration, nanofiltration
and combinations thereof.

According to a particularly preferred embodiment, par-
ticles are removed from the aqueous plant extract by using

a filtration membrane with a molecular weight cut-oif
(MWCQO) of 25-500 kDa. Even more preferably, the mem-

brane has a MWCO of 350-400 kDa, most preferably of
100-250 kDa.

The crude serum that 1s obtained after the particle
removal, typically contains less than 30 vol. %, more
preferably less than 20 vol. % of particles having a diameter
in excess of 2 um. Even more preferably, the crude serum
contains less than 15 vol. %, more preferably less than 10
vol. % of particles having a diameter 1n excess of 2 um.

The crude serum that 1s obtained aiter the particle removal
typically has a Brix strength of 0.1-30°, more preferably of
1-200 and most preferably of 2-15°.

In the present process the crude serum and/or the refined
plant 1solate may suitably be concentrated before being
subjected to the next processing step. Here, “concentrating”
refers to the selective removal of water. Examples of con-
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centrating techniques that can suitably be used include
evaporation, reverse osmosis and combinations thereof.

The crude serum 1s advantageously concentrated to a Brix
strength of 1-80°, more preferably to 5-40°, prior to the
removal of Ca** and Mg=*.

Examples of techniques that may suitably be used to
selectively remove Ca®* and Mg* from the crude serum
include electrodialysis, nanofitration, 10n exchange chroma-
tography or a combination of thereof. Preferably, these
divalent cations are removed from the crude serum by means
of 10n exchange chromatography.

The Ca®* and Mg~* concentrations in the refined plant
1solate are substantially reduced in comparison to the levels
of these 10ns 1n the crude serum. Typically, calculated on dry
matter, the combined concentration of Ca®* and Mg~" in the
refined plant i1solate 1s at least 4 times, more preferably at
least 7 times, and most preferably at least 10 times lower
than in the optionally concentrated crude serum.

The removal of Ca®* and Mg~* from the optionally
concentrated serum advantageously 1s preferably carried out

in such a way that the composition of the bulk remains
largely unaflected. Thus, 1n a preferred embodiment, the
composition of the dry matter contained in the optionally
concentrated crude serum and the composition of the dry
matter contained 1n the refined plant 1solate are at least 75%,
more prelferably at least 80%, even more pretferably at least
90% and most preferably at least 97% 1dentical. The fol-
lowing table 1llustrates how the latter percentages are cal-
culated.

Composition A Composition B Common

Component 1 60 wt. % 50 wt. % 50 wt. %
Component 2 25 wt. % 10 wt. % 10 wt. %
Component 3 15> wt. % 40 wt. % 15 wt. %
Percentage identical = 75 wt. %

The refined plant 1solate that 1s obtained after the removal
of Ca”* and Mg~* typically has a Brix strength of 0.1-40°.
More preterably, the refined plant 1solate obtained after the
removal of the latter cations has a Brix strength of 1-30°,
most preferably of 2-20°.
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Yet another aspect of the invention relates to a process of 45

preparing a functional food ingredient, said process com-
prising:

providing a refined plant 1solate as defined herein before;

subjecting the refined plant 1solate, optionally after con-

centrating or diluting said refined plant isolate to 1on
exclusion chromatography; and

collecting at least a part of the eluate of said 10n exclusion

chromatography as the functional food 1ingredient or an
intermediate for the production of a functional food
ingredient.

In the present process the 10n exclusion chromatography
1s advantageously performed on a refined plant 1solate that
has been concentrated to 10-80° Brix, more preferably to
15-70° Brix and most preferably to 30-60 Brix.

The optionally concentrated refined plant 1solate that 1s
subjected to 1on exclusion chromatography preferably con-
tains appreciable amounts of glutamate and K*. According
to a particularly preferred embodiment, the K™ concentration
of the optionally concentrated refined plant 1solate lies

within the range of 5-200,000 ppm, more preferably 1n the
range ol 500-150,000 ppm and most preferably of 1000-

100,000 ppm.
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The glutamate concentration of the optionally refined
plant 1solate typically lies within the range of 0.1-75 wt. %.

Even more preferably, the glutamate concentration of the
plant 1solate lies within the range of 0.5-65 wt. %, most
preferably of 1-35 wt. %.

In the present process 10n exclusion chromatography 1s
advantageously used to fractionate the refined plant 1solate
into two or more Iraction. Preferably, several of these
fractions are further processed to yield different functional
food ingredients.

The adsorbent material that 1s employed 1n the 10n exclu-
sion chromatography 1s preferably saturated with cationic
ions, most preferably with K™ 1ons.

The present process can suitably be used 1n the production
of a variety of functional food ingredients, such as taste
enhancers, salt replacers, sweeteners, acidulants, flavour
ingredients. Thus, 1n accordance with a particularly pre-
terred embodiment, the eluate collected 1n the present pro-
cess 1s a functional food ingredient or an intermediate for the
production of a functional food ingredient, said functional
food 1ngredient being selected from taste enhancers, salt
replacers, sweeteners, acidulants, flavour ingredients. Even
more preferably, the functional ingredient 1s selected from
taste enhancers, salt replacers and acidulants.

Advantageously, 1n the present process the 10n exclusion
chromatography yields a functional food ingredient that 1s
enriched in glutamate, citrate or monosaccharide. Most
preferably, the process yields a functional food ingredient
that 1s enriched in glutamate. Here “enriched” means that the
concentration of a component 1n the collected eluate 1s at
least twice as high as in the refined plant 1solate that is
subjected to 1on exclusion chromatography, both concentra-
tions being calculated by weight of dry matter.

According to a particularly preferred embodiment, the
welght ratio glutamate:citrate 1n the collected eluate 1s at
least 5 times, more preferably at least 10 times and most
preferably at least 2. times higher than the same ratio in the
refined plant 1solate that i1s subjected to 1on exclusion
chromatography.

In another preferred embodiment, the weight ratio gluta-
mate:glucose 1n the collected eluate 1s at least 10 times, more
preferably at least 20 times and most preferably at least 40
times higher than the same ratio 1n the refined plant i1solate.

In accordance with a further embodiment, the collected
cluate contains at least 2%, more preferably at least 4% and
most preferably at least 6% of potassium by weight of dry
matter.

The mvention 1s further illustrated by means of the
following non-limiting examples.

EXAMPLES

Comparative Example
Production of Concentrated Tomato Serum

Tomatoes were washed and pressed through square holes
resulting 1 an aqueous liquid comprising soluble tomato
solids and pulp. Sieves were used to remove seeds and skin
and further separation was achieved using a Westialia
CA-365-010 decanter at a revolution speed of 4000 rpm.

The tomato serum was concentrated to 12.5 degrees Brix
strength using a Mitchell pilot plant tray dryer with a dry
bulb temperature of 65 degrees C. Next, the concentrated
tomato serum was subjected to ultra filtration. The separa-
tion was carried out by ultra filtering the tomato serum
through an Alfa-Laval polysulphone membrane with 100
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kDa molecular weight cut-oif (GR40PP). The ultra filtration
was performed 1n the plate and frame module of an M20
Alfa-Laval filtration rig at 50 degrees Celstus with a trans-
membrane pressure of 2-3 bars and a recirculation flow rate
of 12 L/min for the retentate stream. The permeate was
substantially free from lycopene.

The permeate obtained after the ultra filtration step was
turther concentrated by means of the same Mitchell tray
dryer with a dry bulb temperature 65 degrees C. until
reaching 40 degrees Brix strength.

Ion Exclusion Chromatography

Next, the concentrated permeate was used as a feed 1n 10n

exclusion chromatography by passing the feed over a XK
2.6/100 GE healthcare column. The 1on exclusion resin used
was DIAION™ UBKJ530 1n its K+ form. The length of the

resin bed was 95 c¢cm and the diameter was 26 mm. The

temperature of the column was kept at 65 degrees C. using
a thermostat. The injection of feed and execution of the
chromatography setup was achieved using an AKTA
explorer 100 system from GE healthcare.

A 3% Bed Volume (BV) of feed was 1njected followed by
2BV of elution, using a mixture of demineralised water and
tomato feed as the eluent. This procedure was carried out 60
times. The strength of the eluent was 0.6 Brix. The eluent
cross flow velocity was set to 0.95 com/mun.

The first 0.3BV of each eluate was discarded and the
remaining eluate was collected as samples at different BV
intervals. Samples were subjected to compositional analysis.

Glucose, was determined by HPLC, using Aminex™
HPX-87H column, 300x7.8 mm and 5 mM sulphuric acid,
pH=2 as eluent, tlow rate 0.6 ml/min, at 65° C. Detection
was carried out using UV (220 nm) and refractive index
detector. This method may slightly overestimate the amount
of glucose as the trace amount of sucrose 1n the tomato
fraction 1s mverted to glucose and fructose. For the present
purpose this was 1gnored and the values of glucose have not

been corrected. The glutamic acid was determined by
AccQTag™ HPLC method of Waters Cooperation USA.

Ca and Mg were measured using emission spectroscopy.
The samples were extracted in diluted hydrochloric acid and
the solution so obtained was sprayed into the inductively
coupled plasma of a plasma emission spectrometer (ICP),
aiter which the emission was measured at 317.933 nm (Ca)
and at 285.213 nm (Mg). Both calcium and magnesium
content was determined by comparison with blank and
standard solutions of these elements 1n diluted hydrochloric
acid (direct method of determination)

The potassium content of the samples was determined by
extracting the samples with an aqueous hydrochloric acid
solution. The extract was diluted 1n a flow 1njection system
(FIAS) with a releasing agent of Sr in water and sprayed 1nto
the air-acetylene tlame of an atomic absorption spectrometer
(FAAS), after which the potassium was measured at 766.5
nm. The element content 1s determined by comparison with
aqueous standard solutions of potassium.

The Ca, Mg and K concentrations of the concentrated (40
Brix) permeate are shown in Table 1.

Table 2 shows the retention times of glutamate and
glucose after 20, 40 and 60 1njections. Clearly, the separation
of glutamate and glucose deteriorates dramatically with the
number of injections.
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TABLE 1
Mineral Concentration ppm (wet basis)
Ca 337
Mg 724
K 25,000
TABLE 2
Injection Glutamate retention Glucose retention in
number in Bed Volume [BV] Bed Volume [BV]
14 0.58 0.63
20 0.58 0.60
40 0.55 0.58
60 0.51 0.50
Example 1

A concentrated permeate (40 Brix) was prepared in the
same way as described in the Comparative Example. The
concentrated permeate was contacted with 1on exchange
resin to remove Ca and Mg prior to being used as a feed for
ion exclusion chromatography.

Production of Refined Tomato Isolate

The 1on exchange, IEX, step was performed 1n a stirred
vessel configuration. The concentrated permeate was mixed
in a vessel with the ion-exchanger (Lewatit™ 2568 resin)
with the help of a top agitator. 1.5 Liter of resin was added
in a vessel and preconditioned with a number of washing
steps for removing all other minerals and bringing the resin
in the K form. First the resin was acid washed by addition
of 3 Liters of 10% w/w HCL that remained 1in contact under
vigorous stirring for 1 hr. The acid was removed by washing
steps with demineralised water until the conductivity of the
decanted eflluents was lower than 20 microS/cm. An alka-
line washing step of the resin took place by addition of 3
Liters of 10% w/w KOH that remained 1n contact with the
resin under vigorous stirring for 1 hr. The alkali was
removed by washing steps with dematerialized water until
the conductivity of the decanted eftluents was lower than 20
microS/cm.

Following the end of conditioning the 1.5 liter resin was
mixed with 6 liters of the concentrated permeate (40 Brix)
and the mixture was vigorously stirred for 2 hr. At the end,
the tomato liquids were decanted from the resin, collected
and subjected to 2 more treatments with the 1on exchange
resin using the same procedure. The partially diluted tomato
liquids were concentrated back to 40 Brix prior to each 1on
exchange step using a Mitchell pilot plant tray dryer with a
dry bulb temperature of 65 degrees C.

Production of Functional Food Ingredient

The concentrated permeate with reduced Ca and Mg
content was subjected to 1on exclusion chromatography
using the procedure described 1n the Comparative Example.

The Ca, Mg and K concentrations of the 40 Brix concen-
trated permeate aiter 1on exchange treatment are shown in

Table 3 below.

Table 4 shows the retention times of glutamate and
glucose after 20, 41 and 62 injections. Clearly, separation of
glutamate and glucose deteriorates at a much slower rate
than in the Comparative Example.
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TABLE 3
Mineral Concentration ppm (wet basis)
Ca 51
Mg 180
K Appr. 30,000

TABLE 4

Glucose retention in
Bed Volume [BV]

Ion Exclusion Glutamate retention
injection number 1n Bed Volume [BV]

20 0.44 0.56

41 0.40 0.57

02 0.40 0.58
Example 2

A concentrated permeate (40 Brix) was prepared in the
same way as described in the Comparative Example. The
concentrated permeate was subjected to 1on exchange chro-
matography to remove Ca and Mg prior to being used as a
feed for 10n exclusion chromatography.

Production of Refined Tomato Isolate

Ion exchange chromatography was performed on a 4
column pilot scale 10n exchanger apparatus manufactured by
UNIPEKTIN™ Engineering AG, Eschenz, Switzerland. The
bed volume of each column was 75 liters with an inner
diameter of 20 cm. A 2x2 column configuration was used.
The feed followed by the demi1 water eluent were pumped by
the main pump and were divided into 2 streams. Each stream
passed via 2 columns connected in series and was then
collected at the exit of the 10on exchange unit. The flow was

adjusted by means of magnetic inductive flow meters.

Lewatit™ 2568 resin was mixed with water and packed in
the columns. Next, a number of washing steps were used to
bring the resin 1n the K form. First 2 bed volumes (BV) of
demineralised water at a speed of 4BV/hr were passed over
the packed resin. Then 2BV of 0.5% w/w H,SO, at a speed
of 2BV/hr, followed by 2BV of 16% w/w H,SO, at a speed
of 2BV/hr. the acid was removed by 2BV of demineralised

water pumped at a tlow rate of 4BV/hr. The conductivity of
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the eflluents dropped bellow 100 uS/cm. Then 3BV 10% 50

w/w KOH was pumped over the resin at a flow rate of
2BV/hr. The alkal1 was totally removed by pumping 16Bv of
demineralised water at a flow rate of 8BV/hr. At the end of
this step the conductivity of the effluents was measured and
was bellow 60 uS/cm.

Subsequently, 73 liters of the 40 Brix concentrated per-
meate were 1mnjected followed by 280 liters of demineralised
water at a flow rate of 280 liters/hr. All liqmds where
collected and were subjected to an evaporation step to yield
a concentrate ol 40 degrees Brix. The evaporation step was
performed with a Centritherm™ Model CT-1B, Flavourtech
Europe Ltd, Reading, UK. The evaporation step was taking
place at 50° C. at an evaporation rate of ca 30 liters/hr.

The Ca, Mg and K concentrations of the concentrated
permeate (40 Brix) before and after 1on exchange (IEX)
chromatography 1s shown in Table 5.
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TABLE 5
Before IEX After I[EX
Concentration ppm Concentration ppm
Mineral (wet basis) (wet basis)
Ca 342 12
Mg 781 35
K 25,000 Not determined

Production of Functional Food Ingredient

The concentrated permeate with reduced Ca and Mg
content was used as a feed 1n 10n exclusion chromatography
by passing the feed over a 2 cm mner diameter stainless steel
column by Knauer GmbH. The 1on exclusion resin used was
the DIAION™ UBKS530 in its K™ form. Three columns of 2
cm IDx25 cm length (Knauer GmbH) were combined pro-
viding a 75 cm total length of resin bed. The temperature of
the column was kept at 65 degrees C. using a Knauer GmbH
thermostated oven. The injection of feed and execution of
the chromatography setup was achieved using 2 S-1000
Knauer pumps each with 10 mL/min pump heads (Knauer
GmbH). One pump was used for the feed and one for the
cluent pumping. Refractive index was traced using a Knauer
S-2400 RI detector. A 5% Bed Volume (BV) of feed was
injected followed by 1.5BV of elution, where demineralised
water was used as the eluent. The eluent cross tflow velocity
was set to 0.95 co/min.

The first 0.2BV of each injection was discarded and the
remaining elution of the chromatography was collected as
samples at different BV intervals.

Table 6 shows the retention times of glutamate and
glucose after 42 and 65 ijections. This data shows that
resolution of glutamate and glucose 1s substantially better
than the comparative examples and example 1. In addition
resolution has hardly worsened after as many as 635 1njec-
tions.

TABLE 6

Glucose retention in
Bed Volume [BV]

Ion Exclusion Glutamate retention
injection number 1 Bed Volume [BV]

20 Not determined Not determined
42 0.39 0.58
635 0.39 0.58

The mvention claimed 1s:
1. A process of preparing a functional food ingredient,
said process comprising:

a) providing an aqueous plant extract containing particles
of plant material;

removing from the aqueous plant extract more than 50
vol. % of particles comprising a size of at least 2 um to
produce a crude serum having at least 2° Brix, wherein
not more than 40 vol. % of the particles 1n the crude
serum have a diameter larger than 2 um;

removing Ca2+ and Mg2+ from the crude serum to
produce the refined plant 1solate, wherein a reduction of
Ca2+ and Mg2+ in the refined plant 1solate reduces a
need to regenerate columns used 1 10on exclusion
chromatography of step b)

wherein the refined plant 1solate comprises:

a concentration of 40° Brix;

at least 0.2 wt % of glutamate;

at least 500 ppm of K™;

less than 300 ppm of Ca**;

less than 700 ppm of Mg~*;
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less than 1 wt. % of components incapable of passing an
ultra-filtration membrane having a molecular weight

cut off of 250 kDa;

a concentration ratio ([Ca**]+[Mg>*])/[K*] that does not
exceed 5:100, wherein the [Ca**], [Mg**] and [K*] are
expressed 1 ppm;

wherein the concentration ratio ([Ca**]+[Mg~"1)/[K*] of
the refined plant 1solate 1s at least 2 times lower than a
concentration ratio ([Ca**]+[Mg>*])/[K*] expressed in
ppm of the aqueous plant extract;

b) subjecting the refined plant 1solate to 1on exclusion
chromatography by using columns; and

¢) collecting at least a part of an eluate of the 10n exclusion
chromatography as the functional food ingredient or an
intermediate for the process of preparing the functional
food mgredient; wherein the functional food ingredient
or the mtermediate comprises:

at least 30% by weight of dry matter of water soluble plant
components selected from fructose, glucose, proteina-
ceous matter of plant origin, acids and potassium;

a weight ratio glutamate:citrate of at least 5 times higher
than in the refined plant 1solate;

and/or a weight ratio glutamate:glucose of at least 10
times higher than in the refined plant 1solate.

2. The process according to claim 1, wherein the particles
are removed from the aqueous plant extract by a method
selected from the group consisting of filtration and centrifu-
gation.
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3. The process according to claim 2, wherein the particles
are removed by filtration employing a membrane with a
molecular weight cut-off of 25-500 kDa.

4. The process according to claim 1, wherein Ca** and
Mg>* are removed from the crude serum by a method
selected from the group consisting of electrodialysis, nanofi-
tration, 1on exchange chromatography, and combinations
thereof.

5. The process according to claim 1, wherein, calculated
on dry matter, the combined concentration of Ca®* and Mg~*
in the refined plant 1solate 1s at least 4 times lower than 1n
the crude serum.

6. The process according to claim 1, wherein the refined
plant isolate contains less than 100 ppm of Ca**.

7. The process according to claam 1, wherein the crude
serum 15 concentrated to at least 10° Brx.

8. The process according to claim 1, wherein the concen-
tration ratio ([Ca”*]+[Mg>*])/[K*] in the refined plant isolate
1s at least 3 times lower than the ratio 1n the aqueous plant
extract.

9. The process according to claim 5, wherein the com-
bined concentration of Ca®* and Mg”* in the refined plant
1solate 1s at least 7 times lower than in the crude serum.

10. The process according to claim 1, wherein the refined
plant 1solate 1s concentrated or diluted prior to step b).

11. The process according to claim 1, wherein the crude
serum 1s concentrated.
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